INTRODUCTION
Microstrip reflectarrays is a recent technology which was developed as an alternative for parabolic reflectors, since it combined the best features of the conventional parabolic reflectors together with the low-profile printed microstrip antenna technology. It consists of a two dimensional array of microstrip elements which is directly fed by a horn antenna [2] . The idea of reflectarray antennas is based on applying phase compensation techniques to the design of each cell inside the array to make for the spatial phase delay of the incident electric field encountered by each cell so as to achieve an in-phase reradiated far-field beam from the reflecting surface. There are several approaches which have been recently developed to achieve a planar phase front for different polarization. The most common approach was developed using different size of radiating patches, dipoles or rings to produce a cophasal far field beam. In 1998, Huang and Pogorzelski reported an efficient way of producing phase variations using identical patches with variable angular rotations [3] .
II. MODIFIED PHOENIX CELL DESGIN
Phoenix cell design is based on employing multi-resonators on the same layer of the substrate, thus it improves the bandwidth characteristics compared to most of the reflectarray elements while maintaining a low-profile structure. Phoenix cell was designed to operate at a center frequency of 16.5 GHz [1] . The structure of the phoenix cell consists of a square resonating inner patch whose dimension (L p ) is equal to λ o /8, surrounded by a microstrip resonating ring as seen in Fig.1-a . The substrate used is Rogers Duroid whose ɛ r = 2.2 and the substrate thickness is 0.254mm. The ground layer is hanged above the substrate at a height of 6mm (0.33λ o ). The interelement spacing for the array is 12mm (0.66λ o ). The phase variation cycle is based on varying the length of the outer resonating ring (L r ), where it starts with L r = L p and L r is increased till it exceeds the cell size driving the cell structure to the initial point of the cycle. A modification was applied on the phoenix cell in a way to extend the phase range covered by the element, where an extra resonating ring was added to the structure of the cell as shown in Fig.1-b (a)
Figure1. a-Phoenix cell structure after the first modification, b-Phoenix cell structure after the second modification.
III. PHOENIX SIMULATION
Simulations were carried out for both Phoenix and the modified Phoenix using the TEM waveguide setup [4] . The phase variation of the reflection coefficients from the surface of both cells at each different L r dimension were monitored, and the modified phoenix has found to enlarge the range of the phase shift achieved up to 540 o instead of 300 o as seen in Fig.2 . Since the full phase range is defined by only 360 o , therefore the size of the modified phoenix can be reduced, and a further modification was applied having the cell size reduced by 0.16 λ o. Fig.3 shows the simulated phase variation of the new Phoenix after the reducing the cell size. 
IV. EXPERIMENTAL VALIDATION
In order to experimentally evaluate the performance of the new Phoenix cell, two square reflectarrays were designed using Phoenix and the newly modified Phoenix. The size of each array is 200x200mm 2 . A rectangular horn antenna was employed as a feeding antenna for both reflectarrays which were designed to operate at 9.4 GHz in order to fit the available lab equipments. The horn was hanged above the array at a distance equal to the focal point of the array aperture (0.6D, where D is the diameter of the array). Fig.4 shows the fabricated reflectarrays together with the feeding horn attached. Fig.5 shows the measured pattern of both antennas which indicates having a lower sidelobe level for the new Phoenix and an increased directivity by 5dBi. Fig.6 shows the measured gain of both antennas over around 10% bandwidth. Moreover it improved the linearity of the phase variation cycle. The measured new Phoenix antenna proved to increase the antenna gain by more than 2.5 dB over a 10% bandwidth.
